Human dendritic cell (DC) lineage has been recently unraveled by high dimensional mapping revealing the existence of a discrete new population of blood circulating DC precursor (pre-DC also referred to as AS DC). Among all blood DC subsets, only pre-DC highly express Siglec-1, a lectin-like receptor able to bind HIV-1. We show that pre-DC are uniquely equipped among blood DC populations to promote HIV-1 replication and dissemination. Pre-DC stands out as the most susceptible DC population to infection by both HIV-1 CXCR4-and CCR5-tropic viral particles in a Siglec-1-dependent manner. HIV-1infected pre-DC produce new viral progeny and transmit the virus to CD4 + T cells. Upon TLR activation, pre-DC become resistant to HIV-1 fusion and thus to infection and switch to a replication-independent mechanism of virus transfer to activated primary T lymphocytes mediated by Siglec-1. Thus, beside their role in DC ontogeny, blood pre-DC possess stagespecific properties that HIV-1 may exploit for viral spreading and modulation of the immune response.
Introduction
Dendritic cell (DC) populations are heterogeneous and play a dual role with regards to HIV-1: key players in the establishment and spreading of HIV-1 infection 1,2 , DC also elicit innate and adaptive immune anti-viral responses [3] [4] [5] .
Recently, development of high dimensional approaches has led to the identification of pre-DC, a new population of circulating precursors of DC 6, 7 . The potential role of pre-DC in the course of HIV-1 infection remains to be established.
Dendritic cells (DC) are professional pathogen-sensing and antigenpresenting cells that are central to the initiation and regulation of immune responses 8 . The DC population is classified into two lineages: plasmacytoid DC (pDC), and conventional DC (cDC), the latter comprising cDC1 and cDC2 subpopulations 9 . Recently, DC ontogeny has been the object of intensive work using new high dimensional approaches including single cell level in mice 10 and in humans 6, 7, 11 . Our study identified a new population of precursors of DC (pre-DC) that originates from bone marrow, circulate in the blood before reaching tissues where they can differentiate into cDC1 and cDC2 6 . Albeit human pre-DC share many markers with pDC, they are clearly different morphologically, phenotypically and functionally 6 .
DC are targets for HIV-1, although with lower efficiency than activated CD4 + T lymphocytes and macrophages 12, 13 . DC are thought to participate in the establishment of the infection due to the expression of lectin-like receptors, allowing them to capture and transfer HIV-1 to CD4 + T cells 1, 2 . Since the seminal study of Steinman, it is clear that DC possess the capacity to capture and transfer HIV particles with a high efficiency to T cells 12 . The process called trans-infection involves the lectin-like receptor Siglec-1 present on the surface of DC but still remains incompletely understood and essentially documented with in vitro derived dendritic cells from monocytes. Different mechanisms involving DCs in the early steps of the infection have been proposed but their precise role in vivo remains to be established.
The capacity of the various DC subsets to initiate anti-viral T-cell responses through antigen presentation and to respond to infection is highly organized in space and time 14 . pDC detect viruses, rapidly respond by producing large amounts of type I interferon (IFN), and may be, at least partially, responsible for the high levels of IFNα measured during the acute phase of HIV-1 infection 15 . cDC1 are resistant to HIV-1 infection, but can uptake HIV-1-infected cells to prime specific T-cell responses 14 . In contrast to pDC and cDC1, cDC2 are susceptible to HIV-1 infection in vitro and may thus provide, after dying and being phagocytosed, a source of viral antigens for cDC1 leading to cross presentation 14 .
With the recent discovery of the pre-DC subset, the question of its role as compared to the other blood DC subsets became of interest. Importantly, Siglec-1 (CD169) is one of the very few specific and constitutive markers of pre-DC ( 7 and Florent Ginhoux, personal communication). Siglec-1 is an interferon-induced receptor that can bind gangliosides, including GM3 that is part of the HIV-1 membrane and mediate efficient viral capture and transmission to T cells in vitro [16] [17] [18] [19] [20] .
Hence pre-DC appears as a potentially critical population of cells with regards to HIV-1 infection prompting us to study its role as compared to the other blood DC subsets. We found that pre-DC are the most susceptible DC population to HIV-1 infection. Notably, both HIV-1 capture by pre-DC and HIV-1 infection of pre-DC are Siglec-1-dependent. Upon TLR-mediated activation, pre-DC up-regulate RAB15 expression and become resistant to HIV-1 fusion and thus to infection. Importantly, activated pre-DC switch to a replication-independent mechanism of virus transfer to activated primary T lymphocytes mediated by Siglec-1. We also demonstrate that, although being a minor fraction of peripheral DC, the depletion of pre-DC leads to an important decrease of HIV-1 infection in primary DC. These results show, for the first time, the potential involvement of pre-DC in HIV-1 dissemination to CD4 + T cells.
Results

Pre-DC is the most susceptible blood DC subsets to HIV-1 infection
We first set up an isolation strategy of the four blood DC subsets; pre-DC, pDC, cDC1 and cDC2, based on their differential surface protein expression, by a combination of magnetic bead negative selection and flow cytometry sorting ( Figure   S1a ). The sorted populations had the expected 6,7 frequency (Figures S1b and S1c) and morphology at the ultra-structural level ( Figure S1D ). Pre-DC (CD33 + CD45RA low CD123 + ) represented roughly 1.5% of the total blood DC and our sorting procedure starting typically from 2.10 9 PBMC allowed to obtain 10 5 pre-DC ( Figure S1c ).
Among the specific markers of pre-DC, Axl and Siglec-1 stand out as the two most discriminative between DC subsets (Figures 1a and 1b, 6, 7 ) . Given that Siglec-1 can bind HIV particles [16] [17] [18] , we evaluated pre-DC susceptibility to HIV-1 infection as compared to the other blood DC populations. For this purpose, these populations were purified from healthy donor blood according to our sorting strategy ( Figure S1a) avoiding usage of the Siglec-1 marker given its potential involvement with HIV-1.
When exposed to a CCR5-tropic HIV-1 encoding GFP (HIV-1 R5GFP), pre-DC and cDC2 were infected at a similar extent (mean±S.D. 4.2±2.5% and 3.2±2.6% of infected cells respectively after 48 h), while cCD1 and pDC remained refractory to infection (Figures 1c and 1d ). Interestingly, a CXCR4-tropic HIV-1 (HIV-1 X4GFP) yielded higher rates of infection with pre-DC (4.9±1.4%) compared with any of the other subsets including cDC2, which all remained very low (Figure 1c and 1e). The low susceptibility of DC to HIV-1 infection has been linked to the presence of SAMHD1, a restriction factor that degrades cytosolic dNTPs, thus limiting the retrotranscription of the viral RNA and the infection rates [21] [22] [23] . However, no difference in SAMHD1 mRNA level was detected among all DC subsets, including pre-DC ( Figure   S2a ). Due to the very low numbers of pre-DC isolated, we were unable to follow SAMHD1 phosphorylation that negatively regulate its activity 23, 24 . Nevertheless, SAMHD1 activity can be efficiently counteracted by the accessory protein Vpx from HIV-2 [21] [22] [23] 25 . Accordingly, complementation of our HIV-1 strains with Vpx (using a Vpr-Vpx fusion construct) highly increased the rates of infection that reached up to 60% for pre-DC and approximately 20% for cDC2, both with HIV-1 R5GFP (Figures 1f and 1g), establishing that SAMHD1 remains in part active in these two populations, as observed with monocyte-derived macrophages (MDM) 21 . Importantly, with HIV-1 X4GFP complemented with Vpx, pre-DC was the only population infected (up to 49.5%, Figure 1f and 1h), further underlining the unique susceptibility of the pre-DC population to HIV-1 infection. Of note, monocyte-derived DC (MDDC) remained resistant to both viruses, and only slightly susceptible to HIV-1 R5GFP when complemented with Vpx (Figures S2b and S2c), as previously shown 12, 26, 27 .
We noticed that even in the presence of Vpx when using an R5-tropic HIV-1, cDC2 remained much less susceptible to the infection than pre-DC in the same conditions (up to 18 % versus 60 %, respectively ( Figure 1g) ), suggesting that besides SAMHD1, other mechanisms might limit the infection of cDC2.
Specific Siglec-1 expression by pre-DC confers an advantage over other DC subsets for HIV-1 capture and infection
Since pre-DC represent only 1.5% of the total blood DC, the question of the contribution of this small population to the HIV-1 infection and spreading is of importance. To address this point in vitro, total DC were isolated from PBMC by enrichment using the pan-DC magnetic sorting procedure followed by flow cytometry sorting of all Lin -HLA-DR + cells that were used as "total DC", or further sorted to obtain a DC population called "no pre-DC", by excluding pre-DC based on their expression of CD123 and Axl. Both populations were exposed either to HIV-1 R5GFP or to HIV-1 X4GFP complemented with Vpx. The rates of infection, as measured at 48h post-infection by GFP expression, were systematically reduced in the absence of pre-DC by 22.5% with the R5 tropic virus (n=8, Figure 2a ). The reduction was even more pronounced with the X4 tropic virus: an average decrease of 53.3% of DC infection in the absence of pre-DC ( Figure 2b ). These data indicated that despite pre-DC low representation among blood DC, this cell population has the potential to contribute to HIV-1 spreading due to its better capacity to capture HIV-1 and to get efficiently infected.
To evaluate the potential role of Siglec-1 on pre-DC infection, pre-DC were exposed to Siglec-1 specific antibody prior to infection. This blockade prevented HIV-1 infection of pre-DC by R5-tropic viruses to some extent (35% inhibition) but more extensively for X4-tropic ones (roughly 85% inhibition, Figures 2c and 2d ). Together these data suggested that Siglec-1 expression may endow pre-DC to better capture HIV-1 particles and stabilize their interaction leading to better rates of infection.
Thus, we first compared the various DC subsets for their capacity to capture HIV-1. Sorted DC populations were exposed to HIV-1 X4 for 2 h at 37°C, washed, and stained for p24 before analysis by flow cytometry. Among the four subsets, only pre-DC were able to capture HIV-1 (Figure 2e ). The Siglec-1 involvement in the capture was evaluated by pre-exposure of pre-DC, as compared to the other DC subsets, to an anti-Siglec-1 antibody, which totally prevented capture of HIV-1 (Figures 2e and 2f ). Moreover, EM ultrastructural analysis of pre-DC exposed to HIV-1 for 2 h revealed the presence of HIV-1 particles tightly bound to micro-villi at the pre-DC plasma membrane ( Figure 2g ). Analysis of ultrathin immunolabeled sections revealed that Siglec-1 protein was localized at the ultrastructural level in the immediate vicinity of both viral particles and the plasma membrane ( Figure 2h ).
Given the very large size of the highly glycosylated Siglec-1 protein (1709 aa), these images are highly suggestive of Siglec-1 bridging the plasma membrane of pre-DC to HIV-1 particles. Thus, among blood DC, pre-DC are uniquely equipped with Siglec-1 that mediates efficient HIV-1 capture and infection.
TLR activation of pre-DC induces RAB15 upregulation and prevents HIV-1 fusion and infection
To identify other factors that could explain the preferential susceptibility of pre-DC to HIV-1 as compared to other DC subsets, we first evaluated the expression levels of HIV-1 co-receptors on the various DC subsets. However, CCR5 and CXCR4 expression levels were similar among pre-DC, cDC2 and pDC (Figures 3a and 3b). The molecular basis for the resistance of cDC1 and pDC to HIV-1 infection at steady state has been recently attributed to their higher expression of the small GTPase RAB15 14 . Accordingly, we found that both HIV-1-suceptible subsets; pre-DC and cDC2 exhibited similar low levels of RAB15 mRNA, while these levels were higher in HIV-1-resistant cells i.e. pDC and cDC1 ( Figure 3c ). Since RAB15 expression has been proposed to inhibit HIV-1 infection by blocking viral fusion 14 , we measured viral fusion using a BlaM-Vpr assay in the 4 DC subsets purified ex vivo (Figures 3d and 3e ). Strikingly, pre-DC and cDC2 exhibited a high capacity to fuse with HIV-1 (close to 80% of the cells) while the two HIV-1 resistant DC subsets; pDC and cDC1 had lower capacity (40% and less than 20%, respectively). Thus, rates of viral fusion were higher than rates of infection for each of the 4 subsets purified ex vivo.
Given that systemic immune activation occurs in both acute and chronic HIV infection in part due to compromised integrity of gut epithelium 28 Figure 3f ). Accordingly, overnight culture induced the expression of RAB15 mRNA in both pre-DC and cDC2, which was further increased following TLR activation.
We concluded that TLR activation completely switches pre-DC phenotype from highly susceptible to total resistance to HIV-1 infection. This phenotypic change is accompanied by an increased expression of RAB15 and a complete resistance to HIV-1 fusion.
HIV-1 replicates in pre-DC apparently internal compartments
Since HIV-1 can efficiently fuse with both pre-DC and cDC2, we next [29] [30] [31] . Viral budding profiles were mostly absent from the plasma membrane but were clearly observed at the limiting membrane of the compartment, indicating de novo production of viral particles. These profiles exhibited a dark molecular coat typical of Gag precursor assembly 32, 33 , that budded towards the lumen of the compartments in which numerous immature and mature viral particles accumulated ( Figure S3a ). A specific feature of the VCC from macrophages is their accessibility to the external medium that can be evaluated by adding ruthenium red, a membrane impermeant dye, during fixation 34, 35 . Ruthenium red was visible in pre-DC VCC as a dark and fuzzy shade at the limiting membrane of the VCC and on the viral membranes ( Figure 4a and S3a), demonstrating that these compartments are connected to the external medium. Interestingly, similar internal compartments preexist to the infection in MDM 30, 36 and are hijacked by HIV-1 for its assembly, leading to their conversion into VCC.
In sharp contrast, infected cDC2 were free of VCC and viral budding only occurred in a polarized manner at the plasma membrane (Figures 4b and S3b), as previously observed in infected T lymphocytes and cell lines 37 . In cDC2, ruthenium red only stained the plasma membrane and released viral particles. Quantification of compartments accessible to ruthenium red that exhibited viral buds and particles confirmed the striking differences between the two subsets ( Figure 3c ). Thus, pre-DC and cDC2, although related through their precursor-to-progeny relationship as pre-DC can give rise to cDC2 6, 7 , exhibit different susceptibility to infection and completely different locations of viral assembly.
The EM profiles indicated that active viral replication can take place in both cell types. We compared their production after pre-DC and cDC2 exposure to HIV-1 
Pre-DC transmit HIV-1 to CD4 + T cells in cis or trans depending on their activation state
The infectious capacity of the viral particles produced by HIV-1-infected pre-DC was evaluated on primary activated CD4 + T lymphocytes (Figure 5a ). In line with their preferential infection with X4-tropic virus, HIV-1-infected pre-DC were the most efficient subset in transmitting the infection in cis to activated primary CD4 + T cells ( Figures 5b and 5c ). These results establish that the viral progeny of infected pre-DC is infectious and thus may contribute to viral spreading.
Given that TLR stimulation induced a state of resistance to HIV-1 infection, we evaluated the capacity of DC populations to perform HIV-1 trans-infection of T cells.
During trans-infection DC capture HIV-1 via Siglec-1 but importantly, do not get infected and efficiently transfer the virus to T cells as shown in vitro with LPSactivated MDDC 16, 18, 20 . Hence, we examined whether pre-DC activated or not were able to support HIV-1 infection of T cells in trans, compared to the other DC subsets ( Figure 5d ). First, none of the ex-vivo sorted DC populations, including pre-DC, was able to transmit HIV-1 to activated CD4 + T cells ( Figure 5e ). However, after overnight culture, pre-DC, cDC1 and cDC2 performed trans-infection to CD4 + T cells, which was further increased upon TLR-activation ( Figure 5e ). Similarly, MDDC cultured overnight in the presence or absence of LPS performed trans-infection of T cells ( Figure S4a ). Thus, following TLR activation, both pre-DC and cDC2 performed HIV-1 trans-infection to CD4 + T cells to similar levels, while cDC1 did poorly and pDC did not ( Figure 5e ). Finally, pre-incubation of TLR-activated DC subsets with anti-Siglec-1 antibody strongly inhibited pre-DC but not cDC2 capacity to perform trans-infection ( Figures 5f and 5g) , and reduced the one of MDDCs exposed to LPS ( Figure S4b ).
We concluded that TLR-activated pre-DC can perform genuine trans-infection, capturing HIV-1 without being infected ( Figure 3f ) and transmitting the virus efficiently to activated CD4 + T cells. The fact that ex-vivo sorted unstimulated pre-DC are unable to perform trans-infection to T cells despite their high levels of surface Siglec-1, indicates that activation of pre-DC induces the acquisition of this capacity through a still unknown mechanism.
Discussion
The recent identification of the human blood pre-DC population was based on single cell data analysis using unsupervised clustering approaches 6, 7 . Here we show that pre-DC exhibit a unique set of properties regarding HIV-1 that are linked to their constitutive Siglec-1 expression ( Figure S5 ). Indeed we show first that Siglec-1 is pivotal for the unique capacity of pre-DC to capture HIV-1. In addition, among freshly sorted blood DC subsets, pre-DC stands out as the most susceptible to infection by both types of HIV-1; CCR5-tropic viruses but also surprisingly, CXCR4-tropic ones.
This type of virus is unable to infect any other DC subtype even when the SAMHD1 restriction factor is counteracted ( 14 and Figure 1 ). The high capacity of binding HIV-1 via Siglec-1 indicate that these cells could act as flypaper for the virus in the blood stream and maybe in tissues as well. Despite their low frequency among blood DC, pre-DC were able to compete out other DC and get preferentially infected, especially with CXCR4 viruses.
Stabilization of the interaction between HIV-1 and pre-DC via Siglec-1 may increase the probability of the Env-mediated fusion to occur, a rather slow process 38, 39 . It may also account for pre-DC preferential susceptibility to X4 viruses as compared to other blood DC populations that do not express Siglec-1, despite their common low levels of expression of the co-receptor CXCR4. Regarding CCR5tropic viruses, we observed that both pre-DC and cDC2 had a high capacity to fuse with this type of virus (around 80%). However, cDC2 exhibited a much lower infection rate than pre-DC, even when the SAMHD1 restriction factor was counteracted (roughly 20% versus 50%). On the same line, while pDC are totally resistant to infection by R5 HIV-1, 40% of them were susceptible to viral fusion as judged using the BLaM-Vpr assay. The discrepancies between the rates of fusion and infection, even when SAMHD1 was counteracted, suggest that additional unknown mechanisms are at work in cDC2 and pDC.
RAB15 high expression has been associated to resistance to viral fusion of cDC1 and thus to infection 14 . We confirmed and extended these data documenting high levels of RAB15 transcripts in pDC and cDC1 and low levels in cDC2 and pre-DC at the steady state. Importantly, we further established that TLR activation upregulates these levels in all DC subsets and confers to all of them full resistance to fusion and infection. More work is needed to understand the molecular mechanism involved but the comparison of the various DC subsets may represent a valuable approach for this purpose.
Our data also indicate that surface Siglec-1 on pre-DC facilitates pre-DC infection and further, transmission to activated T cells in cis. Infection leads to viral production and accumulation in apparently intracellular compartments termed VCC.
Of note, Siglec-1 is also present at the VCC limiting membrane of infected MDM 40 and thus in the HIV-1 particles they produce 41 . Therefore, Siglec-1 expression by pre-DC might be implicated in HIV-1 assembly at the VCC level. VCC have been initially observed in tissues macrophages from infected patients in a variety of tissues, see 32 , and were then essentially studied in in vitro derived and infected MDM 31 . Importantly, a recent study identified urethral macrophages from individual under cART containing infectious particles in VCC, suggesting that such tissue macrophages can represent a viral reservoir 42 . In contrast, HIV assembly at the plasma membrane, as observed here in primary cDC2 for the first time, has been largely documented in activated CD4+ T cells. The different location of viral assembly between pre-DC and cDC2 is compelling since pre-DC can give rise to cDC2. Comparison between the two DC subtypes should help to approach the molecular basis for VCC formation and the potential role of Siglec-1 in this process, as previously proposed 43 .
When activated, pre-DC are no longer susceptible to infection but can perform efficient trans-infection to CD4 + T cells, again in a fully Siglec-1-dependent manner.
We thus confirm with primary pre-DC what has been established with LPSstimulated MDDC, i.e. the existence of this mode of transmission to T cells via noninfected DC. The fact that ex-vivo purified pre-DC were unable to perform HIV-1 trans-infection suggests that DC activation is necessary. In contrast to a previous study performed with LPS-stimulated cDC2 17 whereas cDC1 resist entering in a resistant state that allows them to cross-present viral antigens from dead infected cDC2 cells 14 . As pre-DC can secrete IL-12 and support mixed-lymphocyte reactions 6, 7 , it will be of interest to determine whether and how pre-DC possess the hybrid capacity of both cDC1 and cDC2 to initiate an anti-HIV-1 response.
Interestingly, Siglec-1 + macrophages from the spleen marginal zone have been shown in the VSV mouse model to support a locally restricted enforced viral replication by down-modulating type I IFN responsiveness thus providing a source of viral antigen required to elicit a protective immune response 44 . Moreover, Siglec-1+ macrophages have been recently shown to be able to transfer viral antigens to cDC1 which in turn cross-prime CD8+ T cell responses. Importantly, this antigen transfer was mediated by Siglec-1 on the macrophages interacting with sialylated proteins present on cDC1 cell surface. Thus, Siglec-1 expression may also confer pre-DC the capacity to recruit and instruct the help of cross-presenting cDC1. Future studies will certainly address this important hypothesis, since manipulation of pre-DC response or protection against HIV-1 may represent new approaches to promote a better immune control of the infection.
Methods
Isolation of cells
Peripheral blood mononuclear cells were isolated from buffy coats from healthy 
DC phenotype by flow cytometry
Enriched DC obtained as described were stained with HLA-DR APCeFluor780, CD1c PerCPeFluor710, CD123 Viogreen, CD45RA Vioblue, CD33 PE-CF594, CD141 BV711 (BD), Axl PE, Siglec-1 PE-Vio770 with lineage markers in the FITC channel. Cells were acquired on a FACS Verse and data analyzed using FlowJo 10 (Tree Star Inc.). After compensation, tSNE representation of gated Lin -HLADR + cells were generated. Siglec-1 and Axl expression were evaluated on gated pre-DC, pDC, cDC1 and cDC2 as described.
Alternatively, PBMCs were stained as described previously 6 with DC lineage markers in addition to Siglec-1 (BD), CXCR4 (Biolegend) and CCCR5 (BD) and analysed by flow cytometry. FCS files compensated for spillover between channels were exported using FlowJo v10 (Tree Star Inc.) and CXCR4 and CCR5 expression were measured on gated pre-DC, pDC, cDC1 and cDC2 as described. Purified CD14 + cells were cultured at 0.8 10 6 cells/mL in complete RPMI supplemented with GM-CSF at 100ng/mL and IL-4 (Miltenyi) at 50ng/mL for 4 days to obtain monocyte-derived DC (MDDC).
Cell Culture
HEK293FT cells were cultured in DMEM medium, GlutaMAX (Thermo Fisher 61965-026) complemented with FBS 10% and Penicillin/Streptomycin. GHOSTX4R5 cells were cultured in DMEM medium, GlutaMAX complemented with FBS 10% and Penicillin/Streptomycin. All cells were cultured at 37°C with 5% CO 2 atmosphere.
Plasmids
The proviral plasmid HIV-1 R5GFP was derived from of NL4-3 with BaL env, Δnef and GFP in nef 45, 46 . HIV-1 X4GFP corresponded to NL4-3, Δnef, GFP in nef. pIRES2EGFP-VPXanyVPR plasmid was used to complement some of the viral preparations with Vpx 47 and pMM310 (BlaM-Vpr) to complement the viral preparations with BlaM to measure the fusion of virions 48 . were used. 16h after transfection, media was removed, and fresh X-VIVO or RPMI medium was added. Viral supernatants were harvested 36h later, filtered at 0.45µM, used freshly or aliquoted and frozen at -80°C. Viral titers were determined on GHOST X4R5 cells as described 49 and multiplicity of infection (MOI) ranged from 0.04 to 1.99, mean=0.99, S.D.=0.49 for DC infection displayed in Figure 1 .
HIV-1 production and titration
HIV infection of DCs and stimulations
Sorted cells were pelleted and resuspended in complete X-VIVO or RPMI media at 0.4 10 6 cells/mL and 50µl were seeded in round bottom 96-well plates. In some experiments anti-Siglec-1 mAb (clone 7-239) or mIgG1 isotype control (Miltenyi) were added at 20µg/mL and cells incubated for 30 min. at 37°C before adding the virus. Azidothymidine (AZT; Sigma) was used at 25 µM final concentration, and nevirapin (Sigma) was used at 5 µM. CpG-A (ODN2216, Invivogen) was used at 5µg/mL, CL264 (Invivogen) at 10µg/mL. For infections, 150µl of media or dilutions (150µl or 50µl) of viral supernatants were added. In some cases, when mentioned, infections were spinoculated for 2h at 800g 25°C.
For total DC or pre-DC depleted DC, cells were were resuspended at 2. 
Electron microscopy
For routine embedding into Epon, cells were fixed in 2.5% glutaraldehyde in 0.1M Na-Cacodylate buffer pH 7.4 for 1h, postfixed for 1h with 1% buffered osmium tetroxide, dehydrated in a graded series of ethanol solution, and then embedded in epoxy resin as described 35 . Electron micrographs were acquired on a Tecnai Spirit electron microscope (FEI, Eindhoven, The Netherlands) equipped with a 4k CCD camera (EMSIS GmbH, Münster, Germany). For pre-embedding immunogold labeling, cells were fixed in 4% paraformaldehyde for 1h at room temperature, quenched in PBS-Glycine and blocked with 1% BSA-PBS. Primary antibody anti-Siglec-1 mAb (Miltenyi) was diluted to 1:50 in 1% BSA-PBS and incubated with cells for 1h. Cells were extensively washed prior to addition of protein A gold (EM lab, Utrecht University), and routine embedding in Epon.
For Rethunium Red (RR) stain, cells were fixed with 2.5% glutaraldehyde in 0.1M ice cold Na-Cacodylate buffer (pH 7.4) containing 0.15% RR overnight at 4°C. Cells were then washed with 0.1M Na-Cacodylate buffer (pH 7.2), post-fixed with 1.3% OsO4 in the same buffer containing 0.15% RR for 2 h at room temperature dehydrated in a graded series of ethanol solution, and then embedded in epoxy resin.
HIV capture and trans-infection of activated CD4 + T cells
Sorted cells were pelleted and resuspended in complete X-vivo media at 0.4 10 6 cells/mL and 50µl were seeded in round bottom 96-well plates. In some experiments anti-Siglec-1 mAb or mIgG1 isotype control were added at 20µg/mL and cells incubated for 30 min. at 37°C before adding the virus. HIV-1 X4GFP was added onto the cells (150µl/well of HEK293FT culture supernatant) and incubated for 2h at 37°C.
Cells were washed extensively and fixed in 4% PFA in PBS. p24 staining was performed using KC-57 RD1 mAb (Bekman Coulter, 6604667). For trans-infection experiment, sorted DC were washed extensively after the 2h-culture with HIV-1 X4GFP and activated CD4 + T cells were added at a ratio 1:1. Alternatively, CpG-A was added at 5µg/mL, CL264 was added at 10µg/mL onto DCs and cells incubated overnight before the addition of HIV-1 X4GFP. Cells were then washed and activated CD4+ T cells added. After 48h, cells were fixed in 2% PFA in PBS. Cells were then stained with PE-Cy7 anti-CD3 (BD) and analyzed on a FACS Verse (BD). Data were analyzed using FlowJo v10 and Prism v7 for Mac (GraphPad).
HIV-1 fusion assay
DC infection was performed as described with 150µl BlaM-containing viral supernantant and cells were spinoculated for 2h at 800g, 25°C. Cells were additionally incubated 3hr at 37°C, washed 3 times with CO2 independent medium (Thermo Fisher 18045-054), loaded with CCF4-AM dye (dilution 1/400) in CO2 independent medium complemented with solution B (dilution 1/125) for 1hr at room temperature (RT). Cells were washed two times with CO2 independent medium and resuspended in 100µL of CO2 independent medium complemented with 10% FBS and 2.5 mM probenicid. Cells were incubated 12hr at RT, washed with CO2 independent medium and fixed with 1% PFA in PBS before acquisition on a FACS Verse. Data were analyzed using FlowJo v10 and Prism v7 for Mac.
Microarray analysis 6
Total RNA was isolated from FACS-sorted blood pre-DC and DC subsets using a RNeasy® Micro kit (Qiagen). Total RNA integrity was assessed using an Agilent Bioanalyzer (Agilent) and the RNA Integrity Number (RIN) was calculated. All RNA samples had a RIN ≥7.1. Biotinylated cRNA was prepared using an Epicentre 
Measure of p24 by Cytometric Bead Assay (CBA)
In house p24 CBA assay was used to quantify p24 concentration in the supernatant of HIV-1 infected DC. Dilutions of virus-like particles with known concentration of p24 were used to establish a standard curve. 300 beads/sample were acquired on a FACS Verse. Data were analyzed using FlowJo v10 and Prism v7 for Mac.
Statistical analysis
Data were analyzed using Prism v7 for Mac (GraphPad). Friedman test was used followed by Dunn's multiple comparisons tests and a p value lower than 0.05 was considered as significant (*p<0.05; **p<0.01; ***p<0.001 and ****p<0.0001). infection of total DC (CD45 + Lin(CD3/CD14/CD16/CD19/CD20/CD34) -HLA-DR + ) or total DC depleted of pre-DC (CD33 + CD45RA int CD123 + Axl + ) exposed to HIV-1 R5GFP+Vpx or b, to HIV-1 X4GFP+Vpx. GFP expression was analysed 48h postinfection.
c, GFP expression in sorted pre-DC pre-incubated with an anti-Siglec-1 mAb or not before being infected for 48 h with HIV-1 X4GFP or R5GFP, as in (Fig. 1c, d and g, Ultrastrucutral analysis of pre-DC exposed for 2 h to HIV-1 R5GFP, washed and processed for electron microscopy (EM). An epon section is presented, with a magnified view on the right panels. Arrowheads point to virions captured by pre-DC. On the magnified view, arrowheads point to protein linking the virions to the plasma membrane of the cells. Bar scale: 2µm (left image) and 0.5µm for the magnified view.
h, Immuno-EM analysis of pre-DC exposed to HIV-1 R5GFP for 2 h fixed and stained for Siglec-1 with a mAb revealed by protein A gold coupled to 5 nm gold particles before embedding (see methods). An epon section is presented, with a magnified view. Arrowheads point to Siglec-1 specific staining at the interface between virions and plasma membrane invaginations. Bar scale: 2µm (left image) and 0.5µm for the magnified view. g, RAB15 mRNA levels among the four DC subsets freshly sorted, measured by pPCR in DC subsets, ex vivo or after an overnight culture in medium alone or supplemented with TLR-L as in (E), n=3.
label surface and surface-connected compartments. Arrowheads point to nascent viral buds. Bar scale, 2µm (left images) and 0,15µl for magnified views.
c, Quantification of the location of viral budding profiles observed in HIV-1 infected pre-DC (n=11) and cDC2 (n=22). RR, ruthenium red. Of note, some internal compartments containing viruses were observed in infected cDC2, they were however unlabeled by RR and did not exhibit viral budding profiles at their limiting membranes. Rather than VCC, they probably represent endosomes having internalized viral particles secreted by neighboring cells.
d, Kinetics of production of p24 by sorted pre-DC and e, cDC2 infected with HIV-1 R5GFP+Vpx measured by CBA (see methods). The RT inhibitor AZT was used as a control for the viral input remaining at the end of the assay, n=3 independent donors combined in 2 experiments. Individual donors are displayed.
f, Correlation between the levels of infection of pre-DC (red) and cDC2 (yellow) measured by GFP expression and the quantification of p24 in supernatants as in (d and e). e, GFP expression in activated T cells co-cultured directly with ex vivo DC or following overnight culture in medium or in the presence of TLR-L (CpG-A for pre-DC and pDC, CL264 for cDC). Prior to CD4+T cell co-culture, DC populations were exposed to HIV-1 X4GFP (without Vpx) for 2 h and washed. Quantification of GFP + T cells (CD3 + ) was performed by flow cytometry after a 48h co-culture, n=5 independent donors combined in two experiments. Individual donors are displayed with bars representing mean ± S.D. f, GFP expression by CD3 + T cells. TLR-activated pre-DC were pre-incubated with anti-Siglec-1 antibody or with an isotype control antibody (IgG1) before performing the trans-infection assay as in (e).
g, Quantification as in (f) with the indicated DC populations. (n=6 independent donors combined in 3 experiments). Individual donors are displayed with bars representing mean ± S.D.
